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(54) Thermal cycler having an automatically posttionable cover 



(57) A thernnal cycler for performing amplification of 
nucleic acids, comprising 

(a) a thermal block (71) having a plurality of cham- 
bers; 

(b) a movable cover (14) having heating means (15) 
positioned within it; 

(c) transport means for moving said cover (14) from 
said first position to said second position and vice- 
versa, the path followed by the cover (1 4) compris- 
ing: a first path segment which lies above and at a 



predetermined distance from said thermal block 

(71) and along which said cover (14) is moved 
towards a stopper (1 6) until it abuts against it and a 
second path segment along which said cover (14) 
is nioved away from said stopper (16) and down- 
wards until it is vertrcally aligned with said thermal 
block (71) and exerts a predetermined pressure on 
reaction vessels (13) positioned in said chambers 

(72) of said thermal block. ^ 
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Description 

[0001] The invention concerns a thermal cycler for 
performing amplification of nucleic acids, e.g. by means 
of a polymerase chain reaction (PGR). s 
[0002] Known thernnal cyclers of the above mentioned 
type have a heated lid which is positioned manually to 
cover a plurality of reaction vessels positioned in cham^ 
bers of a thermal block of the thermal cycler during ther* 
mal cycling of sample-reaction^mixtures contained in io 
said reaction vessels. The lid Is also manually removed 
in order to have access to the reaction vessel after the 
end of their thermal cycling. Known lids of the latter type 
have two main disadvantages. They are not suitable for 
automatic change of their position with respect to the 75 
thermal block. 

[0003] A main aim of the invention is therefore to pro- 
vide a thermal cycler comprising a heated lid which is 
automatically positionable to cover arid uncover a plur 
rality of reaction vessels positioned in chambers of a ^ 
thermal block of the thermal cycler, said heated lid 
being in addition suitable to ensure that when said reac- 
tion vessels are covered by said heated lid no external 
light can reach the interior of the reaction vessels. 
[0004] According to the invention such an aim is 2S 
attained with a thermal cycler having the features 
defined by claim 1 . 

[0005] With a thermal cycler according to the invention 
the main aim indicated above is attained. In addition the 
construction of the lid and of the mechanism for moving so 
it makes rt suitable for obtaining optimum results with 
regard to both suitable heating effect on the reaction 
vessels and with regard to automatic processing 
thereof. 

[0006] Preferred embodiments of the thermal cycler 35 
according to the invention are defined by the dependent 
claims of the instant application. 
[0007] A preferred errtKxJiment of the invention is 
described hereinafter with reference to the enclosed 
drawings, wherein 4o 

Fig. 1 shows a perspective, cross-sectional view of 
a thermal cycler according to the invention, wherein 
a movable lid 1 4 is at a first position, at which the lid 
covers a thermal block 71 and reaction vessels 13 45 
positioned in chambers 72 of thermal block 71 . 

> 

Fig. 2 shows a crossrsectional view of the thermal 
cycler represented in Fig. 1. 

so 

Fig. 3 shows a perspective exploded view showing 
parts of the thermal cycler represented in Fig. 1 . 

Fig. 4 shows a first schematic perspective sche- 
matic view of the movable lid 1 4 represented in Fig. ss 
1 and of parts of the transport means for moving 
said lid. 
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Rg. 5 shows a perspective view, partially in cross- 
section, of the thermal cycler represented in Fig. 1. 
. wherein the movable lid is at a second position, at 
which it does riot cover said thermal block: 

Rg. 6 shows a cross-sectional view of the thermal 
cycler represented In Rg. 5. 

Rg, 7 shows a perspective view, partially in cross- 
section, of the thermal cycler represented in Fig. 1, 
wherein the movable (id 14 is at an intermediate 
position between a first position, at which the Iki 
covers thermal block 71 and reaction vessels 13 
positioned in chambers 72 thereof, and a second 
position, at whk;h jid 14 does not cover thermal 
block71. 

Rg. 8 shows a cross-sectional view of the thernial 
cycler represented in Fig. 7. 

Rg. 9 shows a perspective view, partially in cross- 
section, of the thermal cycler represented in Fig. 1 , 
wherein the movable lid is a position where ejector 
means begin to remove the reaction vessels from 
their position in ^e chambers of the thermal t>lock 
of the thermal cycler. 

Fig. 10 shows a cross-sectional view of the thermal 
cycler represented in Rg. 9. 

[0008] As shown by Fig. 1 an embodiment of a ther- 
mal cycler according to the invention comprises a 
metallic thermal block 71 nrx}unted on a base 48, a mov- 
able lid 1 4, and transport means for moving lid 1 4. Such 
a thermal cycler is suitable for performing amplification 
of nucleic acids. For this purpose reaction vessels 13 
containing suitable sample-reagent mixtures and dosed 
by caps are positioned on thermal block 71. The reac- 
tion vessels 13 and their caps are preferably of suitable 
plastic materials. 

[0009] The main features of the structure of the ther- 
mal cycler r^esented in Fig. 1 are now described in 
particular with reference to Rgures 1 to 4. 
[001 OJ Movable lid 1 4 has heating means 1 5 which are 
positioned within an inner space of lid 14, which inner 
space is limited by top and side walls of lid 14. Heating 
means 15 are mechanically connected with lid 14. this 
mechanical connection comprises pusher springs 36, 
37,38,39. 

[0011] Thermal block 71 has a plurality of chambers 
72 each of which is apt to receive the lower part of a 

reaction vessel 13. 

[0012] Ud 14 is positionable at a first position (lid 
closed), at which it covers thermal block 71 and reaction 
vessels positioned in said chambers 72 thereof, and at 
a second position (lid open), at which lid 14 does not 
cover said thermal block 71 and reaction vessels posi- 
tioned in said chambers 72 thereof. 
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[001 3] Lid 1 4 has a surface which is apt to cover said 

t 

thermal block 71 and reaction vessels 13 positioned in 
chambers 72 thereof when lid 14 is In the above men- 
tioned first position (lid closed). When lid 14 is In this 
position it fully shields reaction vessels 13 from light in 5 
the environment of the thermal cyder, which light should 
not interfere with measurement of fluorescence light 
emitted by sample-reagent-mixtures contained in reac- 
tion vessels 13. . ' 

[001 41 The transport means for moving lid 1 4 from the 10 
first position (lid closed) to the second position (lid open) 
and viceversa are so configured and dimensioned that 
the path followed by lid 1 4 as it is moved by the transport 
means from the second positiori (lid open) to the first 
position (lid closed) comprises the following path seg- is 
ments: 

a first path segment which lies above and at a pre- 
determined distance from thermal block 71 and 
along which said lid 1 4 is moved towards a stopper so 
1 6 until! it abuts against stopper 1 6, and 
a second path segment along which said lid 14 is 
moved away from said stopper 16 and downwards 
until it is vertically aligned with said thermal block 
71 and exerts a predetermined pressure on reac- 25 
tion vessels 13 positioned in chambers 72 of therr 
mal block 71. 

[0015] The transport means for moving lid 14 com- . 
prise in particular the following components: so 

stopper 16 positioned in the above mentioned first 
path segment of the movement of the lid 14, 
a motor driven lid carrier 1 7. and 
plates 25, 26 mounted on the inner surface of side 35 
walls 23 of lid carrier 17. 

[0016] Stopper 16 is mounted on base 48 and has a. 
plane sudace 1 8 which is substantially perpendicular to 
the above mentioned first path segment. 40 
[0017] Ud carrier 1 7 has a front end wall 21 which is 
substantially in face of plane surface 18 of stopper 16. a 
rear end wall 22. and side walls 23. 24 extending 
between said front and rear walls 21, 22. Ud carrier 17 
has means for holding the lid 1 4 within it when the lid 14 45 
is in said first position. 

[0018] The transport means for moving lid 14 further 
comprise a motor driven spindle 28 for moving rear wall 
22 of lid carrier 17 and thereby lid earner 17 along the 
longitudinal axis of spindle 28 in both senses, that is 50 
towards and away from stopper 16. a spindle bearing 29 , 
mounted on base 48, and means (not shown) for con- 
trolling the operation of the motor (not shown) which 
drives spindle 28. 

[0019] Plate 25 is fixed on the inner surface of a the 55 
side wall 23 of lid carrier 1 7 and plate 26 is fixed on the 
inner surface of the other side wall 24 of lid carrier 17. 
Each of plates 25. 26 has a pair of guiding slots 31. 32 



97A1 

respectively 33, 34 for guiding the movement of lid 14 
along the above mentioned second path segment. 

[0020] As shown in particular by Figures 2, 3 and 4. lid 
14 has an inner and an outer top surface, a front end 
wail 41 which is substantially in face of plane surface 1 8 
of said stopper 16. a rear end wall 42, and side walls 43, 
44 extending between said front and rear walls and par- 
allel to the side walls 23, 24 of said lid earner 17. The 
side walls of lid 14 include outwards projecting pins 51 . 
52 which are apt to fit into and to slide in guiding slots 
31, 32 of plate 25. and guiding slots 33, 34 of plate 26. 
respectively. 

[0021 ] In a preferred embodiment the transport means 
for moving lid 14 further connprtse a terislon spring 61 
one end of which is attached to the front end of the inner 
top surface of lid carrier 17, whereas the other end of 
spring 61 is attached to the rear part of the top surface 
ofthelidU. 

[0022] The operation of the above described transport 
means for moving lid 14 is as follows: 
[0023] Figures 5 and 6 show the position of lid carrier 
17 when lid 14 is in the above mentioned second posi- 
tion (lid open). When lid 14 arKi lid carrier 17 are posi- 
tioned as shown by figures 5 and 6 a reaction tube 
holder 1 1 having a plurality of apertures 12 and carrying 
a plurality of reaction vessels 13 inserted through those 
apertures can be positioned on thermal block 71 so tfnat 
the lower part of each reaction vessel 13 fits into a 
chamber 72 of thermal block 71. 
[0024] After positioning of the reaction vessels 13 on 
thermal block 71. motion of lid 14 from its second posi- 
tion (lid open) to its first position (lid closed) is initiated 
by horizontal displacement of lid carrier 17 towards 
stopper 16 by rotation of spindle 28 in a first sense. In 
this way lid 14 is moved horizontally towards stopper 16 
until front end wall 41 of lid 14 abuts against plane sur- 
face 18 of stopper 16. After this point of the movement 
of lid 14, and since lid 14 cannot move further in hori- 
zontal direction further displacement of lid carrier 17 in 
the sense towards stopper 16 causes a downwards and 
backwards displacement of lid 1 4 away from the top wall 
of lid carrier 17. During this displacement of lid 14 ten- 
sion spring 61 is stretched and the movement of lid 14 
is guided by siding of pins 51 . 52 and 53. 54 along gukl- 
ing slots 31, 32 and 33. 34 respectively. Ud 14 is dis^ 
placed in this sense until heating means 15 carried by 
lid 14 abut on the caps of reaction vessels 13 and exert 
on these caps a predetermined pressure. At this point 
lid 14 has reached its first position Q\6 closed) repre* 
sented in Figures 1 and 2. 

[0025] The predetermined pressure exerted by heat- 
ing means 15 on the caps of reaction vessels 13 when 
lid 14 is at its first position (lid closed) Is determined by 
the last part of the downwards displacement of lid 14 
guided by the lower part of slots 31 , 32 and 33. 34 and 
also by the mechanical characteristics of pusher springs 
36to39. 

[0026] Figures 7 and 8 Illustrate the position of lid car- 
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rier 17 and other related parts of the transport system 
for moving lid 14, at the point of time where front end 
wall 41 of lid 1 4 abuts against plane surface 1 8 of stop* 
per 16. that it at the point where the direction of the. 
motion of lid 14 changes from an horizontal motion 5 
towards stopper 16 to a downward motion away from 
stopper 16. 

[0027] To bring lid 1 4 from its first position (lid closed) 
to its second position (lid open) lid carrier 17 is moved 
away from stopper 1 6 by rotation of spindle 28 in a sec- 10 
ond sense.opposlte to the first. This causes motion of lid 
14 along the same path described above, but In the 
reverse sense. Pulled by tension spring 61 and guided ; 
by slots 3.1 . 32 and 33. 34 lid 1 4 moves initially upwards 
towards the top wall of Hd carrier 1 7 and towards stop^ is 
per 16 until lid 14 is again within lid carrier 17 and close 
to the top wall thereof. After that lid 14 moves with lid 
carrier 17 further away from stopper 16 until lid 14 and 
lid carrier 17 reach their positions shown by figures 5 ^ 
and 6. 20 
[0028] in a further preferred embodiment the transport 
means for moving lid 14 further comprise ejector means 
62, 63, 64, 65, 66, 67 for separating or removing the • 
lower part of reaction vessels 1 3 from the chambers 72 
of thermal block 71 when the transport means move the 2s 
lid 14 from said second position to said first position. 
The need for such ejector means arises from the fact 
that at the end of a thermal cycling process the lower 
parts of reaction vessels 13 tend to remain stuck in the 
chambers 72 of thermal block 71 . so 
[0029] The above mentioned ejector means comprise 
an ejector frame 66 which is apt to receive reaction ves- 
sel holder 1 1 and which is arranged between the latter 
holder and thermal block 71. Ejector frame 66 has ori 
the outer surface of its side walls ramp guides 67, 68 35 
which enter into contact with inwards projecting pins 62, 
63 and 65. 66 of plates 25, 26 when lid carrier 17 is 
moved to bring lid 1 4 from its first position (lid closed) to .2. 
Its second position (lid open). 

[0030] The operation of the above described ejection 40 
means for separating reaction vessels 13 from the 
chambers 72 of thermal block 71 is as follows: 
[0031 ] During the vertical upwards movement of ltd 1 4 
as it is moved from its first position (lid closed) to its sec- 
ond position (lid open), relative movement of plates 25. 4$ 
26 and of pins 62 to 65 which belong to them brings this 
pins into contact with ramp guides 67, 68 of ejector 
frame 66. As represented in particular in figures 9 arid 
1 0, the shape of ramp guides 67, 68 is such that the rel- 
ative movement mentioned causes pins 62 to 65 to so 
push ejector frame 66 and reaction vessel holder 11 
which is positioned on frame 66 upwards, and this 
causes removal of the lower parts of reaction vessels 13 
from the chambers 72 of thermal block 71 . 

55 

Claims 

1, A thermar cycler for perfaming . amplification of 
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nuciek; acids, saki thermal cycler comprisirtg 

(a) a thermal bbcK (71) having a plurality of 
chambers (72) each of which is apt to receive 
the lower part of a reaction vessel (13); 

(b) a movable lid (14) having heating means 

(15) positioned within it. said lid (14) having a 
surface apt to cover sad thermal block (71) and 
reaction vessels (13) positioned in said cham- 
bers (72) thereof so that said IkJ (14) fully 
shields said vessels (13) from light in the envi- 
ronment of the thermal cycler, sakJ lid (14) 
being positionable at a first position, at which it 
covers said thermal block (71) and reaction 
vessels positioned in said chambers (72) 
thereof, and at a second position, at which saki 
lid (1 4) does not cover said thermal block (71) 
and reaction vessels positioned in said cham- 
bers (72) thereof, and; 

(c) transport means for moving said lid (14) 
from sad first position to said second position 
and viceversa, said transport means being so 
configured and dimensioned that the path fol- 
lowed by the lid (14) as it is moved from said 
second position to said first position oomprises 
a first path segment which lies above and at a 
predetermined distance from said thermal 
block (71) and along which said lid (14) is 
moved towards a stopper (16) until It atxjts 
against said stopper, and 

a second path segment along which said lid 
(14) is moved away from said stopper (16) and 
downwards until it is vertically aligned with sad 
thermal block (71) and exerts a predeternfiined 
pressure on reaction vessels (13) positioned in , 
sad chambers (72) of said thermal block. 

A thermal cycler according to claim 1 . 
wherein said transport means conprises 

- a stopper (16) positioned in said first path seg- 
ment of movement of tiie Id (14). said stopper 

(16) having a plane surface (18) which is sub- 
stantially perpendicular to the said first path 

a motor driven lid carrier (17) which has a front 
end wall (21) which is substantially in lace of 
sad plane surface of said stopper, a rear end 
' wall (22), and side walls (23, 24) extending 
between said front and rear walls (21 , 22). said 
lid carrier (17) having means for holding the lid 
(14) within ft when the lid (14) is in said first 
position, 

a first plate (25) fixed on the inner surface of a 
the side wall (23) of said lid carrier and' a sec- 
ond plate (26) fixed on the inner surface of the 
other side wall (24) of said Id carrier (17). each 
of said first and second plates (25, 26) having a 
pair of guiding slots (31. 32 respectively 33. 34) 
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for guiding the movement of the lid (14) along 
said secx)nd path. 

3. A thermal cycler according to claim 2, 

wherein said lid (14) has an inner and an outer top s 
surface, a front end wall (41) which is substantially 
in face of said plane surface (18) of said stop- 
per(16j, a rear end wail (42), and side waits (43, 44) 
extending between said front and rear walls and 
parallel to the side walls (23, 24) of said lid carrier w 
(17). said side walls of the lid (14) including out- 
wards projecting pins (51, 52) which are apt to fit 
into and to slide in said guiding slots (31. 32 respeC' 
tively33.34). 

4. A thermal cycler according to claim 3, wher^n said 
transport means further iriclude a tension spring 
(61) one end of which is attached to the front end of 
the inner top surface of said lid carrier (17). 
whereas the other end of said spring (61) is ^ 
attached to the rear part of said top surface of the : 

lid (14). 

5. A thermal cycler according to any of the preceding 
claims, wherein said transport means further ss 
includes ejector means (62, 63. 64. 65. 66, 67) for 
removing the lower part of reaction vessels (13) 
from said chambers (72) of said therrnal block (71) 
when the transport means move the lid (14) from 
said second position to said first position. 30 



35 



40 



45 



50 



ss 



5 



EP0955097A1 




CM 



7 



EP 0 955 097 A1 

1 




8 



( 




11 



EP 0 955 097 A1 




13 



EP 0 955 097 A1 




EP 0 955 097 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 81 0400 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ot retevant passages- 



Relevant 
to claim 



CLASSIFICATION OF THE 
APf>LICATION <lnt.CL6)' 



EP 0 810 030 A (PERKIN ELMER CORP) 
3 December 1997 

* page 6, line 38 - page 7, line 6 * 

* page 9, line 35 - page 11, line 49 * 

* page 21, line 32 - page 27, line 47 * 

* figures 1-21,45 ♦ 

J- 

EP 0 311 440 A (SEIKO INSTR INC) 
12 April 1989 

* column 4, line 7 - column 4, line 54 * 
♦column 8, line 11 - column 8; line 55 * 

* column 9, line 7 - column 9, line 36 ♦ 

* figures 4,10,11 ♦ 

US 5 616 301 A (MOSER ROLF ET AL) 

1 
* 
* 



1-3,5 



B01L7/00 
G01N35/02 
B01L3/00 
//C12Mi/00 



1.2,5 



1,4.5 



April 1997 

column 3, line 13 - column 4, line 67 * 
column 5, line 44 - column 6, line 22 * 
column 7, line 7 - column 7, line 35 * 
figures 1-6 * 



EP 0 628 823 A (DAINABOT CO LTD ; PRECISION 
SYST SCIENCE CO LTD (JP); ABBOTT LAB (U).. 
14 December 1994 

* page 5, line 48 - page 6, line .12 * 
★page 20, line 3 - page 20. line 57 *. 

* figure* 23 * 



1.5 



US 5 496 518 A (ARAI KENJI 

5 March 1996 

* the whole document * 



ET AL) 



1,4 



US 5 282 543 A (KEESE RALPH ET AL) 

1 February 1994 

* the whole document * 



1 



The present search report has been d/awn up for all claims 



TECHNICAL FIELDS 
SEARCHED Ont.CI.6) 



BOIL 
GOIN 



I 

s 

n 

o 

lA 



2 



THE HAGUE 



Oct* of immpMSanof ihe «ff*ieh 

7 October 1998 



Examrwr 

Koch, A 



CATEGORY OF CITED DOCUMENTS 

X : particularty relevant il taken alone 

Y : particularly relevanT if combbietf wftft anottwr 

(document of the &a me category - 
A : technological background 
0 : non>wrlRen discjosure 
P : intamwdlate documertt 



T : theory or principle underlying the invention 
E : earlier patent document, but published oa or 

airier the filing date 
D : document dted In the appHcation 
L : document cited lor other reasons 

& : member o1 the same patent family, corresponding 
document 



16 



EP 0 955 097 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applkatton Number 

EP 98 81 0400 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
, o! relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Ct.&) 



US 5 556 958 A (CARROLL PETER G ET AL) 
17 September 1996 

* column 16, line 66 - column 18, line 67 

* ■ , 

* figures 1-12 * ^ 



1 



TECHNICAL RELDS . 
SEARCHED (lnt.CL6) 



v.. 



The present search report has been drawn up for all claims 



o 

O 

£ 

o 

n 
o 



2 



Place of setich 

THE HAGUE 



Dale of cbmplstion oi Itw scaich 

7 October 1998 



Ekanunaf 



Koch, A 



CATEGORY OF CITED DOCUMENTS 

X : partictilarly relevanl tf taken alone 

Y : particular^ r«lavan] It con^tn&6 wlih another 

document «t th« tame category 
A : technological background 
O : rXMi-written disclosure 
P.: intanDediale document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the tiling date 
D : document ated m the appljcation 
L : document cit«d tor other reasons 

& : member of the same patent family, corresponding 
document 



17 



